Introduction: The survival rate of patients with Borrmann type 4 advanced gastric cancer is extremely poor in comparison to patients with gastric cancers of other histological types. An optimal chemotherapeutic regimen has yet to be determined. Patients and Methods: We retrospectively examined the outcome of patients who were treated for Borrmann type 4 advanced gastric cancer from July 2011 and June 2015. Results: The data from 42 cases were collected for this study. Of the 42 cases, 13 cases (31.0%) were locally advanced and 29 cases (69.0%) were metastatic advanced. Median Overall Survival (OS) for locally advanced cancer was 29.6 months and for metastatic advanced cancer was 11.5 months. The presence or absence of peritoneal metastases did not affect survival (8.9 and 11.5 months, respectively; p = 0.831). In the 23 patients who received chemotherapy, S-1 plus cisplatin was prescribed as firstline treatment in 16 cases (69.5%). Other treatment regimens included capecitabine plus cisplatin and S-1 plus oxaliplatinin one each (4.3%), S-1 monotherapy in two (8.6%), and capecitabine monotherapy, paclitaxel, and docetaxel in one each (4.3%). We found no median OS difference between S-1 plus cisplatin and other treatments (20.7 and 19.3 months; p = 0.094). Conclusion: We found that S-1 plus cisplatin treatment does not improve OS in patients with Borrmann type 4 advanced gastric cancer compared with other chemotherapeutic regimens.
In 1926, Borrmann classified advanced gastric cancer into four gross types [2] . Borrmann type 4 was characterized by less differentiation, usually presenting as poorly differentiated adenocarcinoma, and by invasion of the entire wall of the stomach. Borrmann type 4 advanced gastric cancer was defined as follows: diffuse cancer, ulcers are almost invisible, and an ill-defined boundary. Despite recent advances in the treatment of gastric cancer, the prognosis of patients with Borrmann type 4 advanced gastric cancer remains extremely poor [3] [4] , and the 5-year survival rate with this advanced gastric cancer is significantly lower than that of patients with other types of gastric cancer [5] . This can be seen in a report by The Japan Gastric Cancer Association Registration Committee of the treatment results and causes of death in patients with primary gastric cancer who were treated in Japan. Of 13,002 patients with primary gastric cancer, 5-year survival by Borrmann type in resected cases regardless of stage was: type 0, n = 6869 (90.2%); type 1, n = 363 (65.5%); type 2, n = 1717 (60.4%); type 3, n = 2575 (46.0%); type 4, n = 923 (17.7%); and type 5, n = 339 (60.6%) [6] [7] . Survival rates at 5 years after curative gastrectomy have ranged from 11% -38.4% [8] [9] [10] . This has led to the conclusion that surgery is not a curative treatment for Borrmann type 4 advanced gastric cancer [11] [12] . Indeed, no adequate therapeutic strategy for Borrmann type 4 advanced gastric cancer has been established.
In the 1990s, S-1 (TS-1; Taiho Pharmaceutical, Tokyo, Japan), an oral derivative of 5-FU, was developed for the treatment of gastric cancer [13] [14] . In Japan, S-1 rapidly established itself as a standard treatment with a high response rate of 46% as a single agent. Phase III trials proved the non-inferiority of S-1 compared with infusional 5-FU in the advanced/metastatic setting [15] . A phase III trial showed a better median survival time (MST) with the combination of S-1 plus cisplatin compared with S-1 monotherapy [16] . In addition, the combination of irinotecan and S-1 achieved longer median survival than S-1 monotherapy [17] . In Japan, advanced gastric cancer is mainly treated with S-1 alone or S-1 combined with other drugs.
As treatment for gastric cancer advances, it is expected that treatment for Borrmann type 4 advanced gastric cancer will also improve. Owing to its low incidence, however, only a few trials for this condition have been conducted. Here, we retrospectively examined the outcome in patients with Borrmann type 4 advanced gastric cancer treated with chemotherapy to assess survival.
Patients and Methods

Patient Population and Data Collection
Data from patients diagnosed with Borrmann type 4 advanced gastric cancer at Kobe City General Center Hospital between July 2011 and June 2015 were retrospectively collected for this study. The inclusion criterion was histologically confirmed primary gastric cancer Borrmann type 4. The exclusion criteria were synchronous or metachronous cancers.
Clinical data was collected for each patient, including gender, age, and treatments.
We used the 13th edition of the Japanese Classification of Gastric Carcinoma for data management [18] . The date of last follow-up and mortality were collected for all patients.
This retrospective study was approved by the Institutional Review Board of Kobe City Medical Center General Hospital and was conducted in accordance with the ethical principles mandated in Japan's Ethics Guidelines for Epidemiological Research.
Statistical Considerations
Univariate and multivariate analyses were performed using Cox's proportional hazard model to identify risk factors affecting overall survival (OS). OS was defined as the period from the diagnosis of type 4 advanced gastric cancer to the date of death from any cause. Patients who remained alive at the time of the last record were censored at that time. Survival curves were generated using the Kaplan-Meier method and the difference was analyzed by the log-rank test. P values < 0.05 were considered statistically significant. Prognostic factors were evaluated by the Cox's proportional hazard model with a log-linear risk function. All statistical analysis was performed using Statistical Package for Social Science (SPSS) software (SPSS 23.0 Inc., Chicago, IL, USA).
Results
Patient Characteristics
Patient background at baseline is presented in Table 1 . Forty-two cases were analyzed.
Median age was 58 years (range, 32 -81). Of the patients, 37 cases (88.0%) had a baseline Eastern Cooperative Group performance status of 0 -1. Thirteen cases (30.9%) were locally advanced and 29 cases (69.0%) were metastatic advanced. Fifteen cases (51.7%) had peritoneal metastasis. As shown in Figure 1 , among the 42 cases, 20 cases (52.3%) were surgically resected. This included palliative resection in nine cases (one for bleeding from the primary lesion, five for stricture, and three for malnutrition) of metastatic advanced patients.
Patient Outcome
Chemotherapy was planned in 24 patients. However, one patient was transferred to another hospital before receiving chemotherapy (Figure 2) , and chemotherapy was accordingly used as first-line treatment in 23 cases. As shown in Figure 3 , the first-line treatment regimen consisted of S-1 plus cisplatin (SP) for 16 patients (69.5%). Reasons for discontinuation of SP treatment were disease progression (90.0%) and toxicity (10.0%). Other treatment regimens included capecitabine plus cisplatin (XP) in one (4.3%), S-1 plus oxaliplatin (SOX) in one (4.3%), S-1 monotherapy in two (8.6%), capecitabine monotherapy in one (4.3%), paclitaxel in one (4.3%) and docetaxel in one (4.3%). After discontinuation of first-line treatment in 12 patients for disease progression and in one patient for toxicity, 13 patients (56.5%) received only supportive care and 10 patients (43.3%) received second-line chemotherapy. The second-line chemotherapy regimens consisted of paclitaxel in eight patients, irinotecan (CPT-11) in one, and S-1 monotherapy in one. After discontinuation of second-line treatment due to disease progression, 7 patients (7%) received only supportive care and 3 patients received third-line chemotherapy, two with docetaxel (66.6%) and one with S-1 plus paclitaxel (33.3%). Figure 4 shows the OS of locally advanced cases and metastatic advanced cases. The median OS of locally advanced cases was 29.6 months (95% confidence interval [CI]: 16.8 -42.3 months) while that of metastatic advanced cases was 11.5 months (95% CI: 2.1 -20.8 months; p = 0.019). Among locally advanced patients, one patient was stage I, two patients were stage II, and ten patients were stage III. Curative resection was performed in 11 of the locally advanced cases (84.6%). There was a statistically significant difference between the OS of locally advanced and metastatic advanced cases (p = 0.019).
In this study, the median OS for patients with peritoneal metastases was 8.9 months (95% CI: 0 -21.9 months) while that for no peritoneal metastases was 11.5 months (95% CI: 0 -29.0 months; p = 0.831) (Figure 5 ), indicating that peritoneal metastases were unrelated to OS. The median OS for patients treated with first-line SP was 20.7 months (95% CI: 12.9 -28.4 months) and that patients with any other chemotherapy was 19.3 months (95% CI: 5.1 -33.4 months) p = 0.994 ( Figure 6 ).
Discussion
In this study, Borrmann type 4 gastric cancer tended to affect younger patients, and was particularly more prevalent in female patients (59.5%) and was mostly of the diffuse type (92.9%). Because the patients were mainly HER 2 status-negative (95.2%), they were not candidates for trastuzumab [19] . In addition, at the time of diagnosis, most patients (69.0%) had unresectable disease, most with peritoneal dissemination (51.7%). These are the major reasons for the poorer prognosis of Borrmann type 4 advanced gastric cancer [20] .
Compared with locally advanced cases, metastatic cases had a significantly lower median OS, at 29.6 months vs. 11.5 months (p = 0.019), respectively. The OS benefit Only 43% of patients received second-line chemotherapy in this study (Figure 2 ). In contrast, 75% of patients in a recent Japanese phase III trial (SPIRITS; S-1 vs. S-1 plus cisplatin) for advanced gastric cancer received second-line treatment [16] . We consider that patients with Borrmann type 4 advanced gastric cancer, who progressed during first-line treatment, were in poorer general condition, so most of them might have missed the opportunity to receive second-line chemotherapy.
It is important for patients with Borrmann type 4 advanced gastric cancer to receive effective chemotherapy as first-line treatment to improve survival. Reasons for this include the unreliability of the administration and absorption of oral agents in these patients due to stricture, the high risk of complications, and the inability to receive the hydration that is required for renal protection from cisplatin. Oxaliplatin is a thirdgeneration platinum compound that was developed to provide improved tolerability and administration over cisplatin. The non-inferiority of oxaliplatin-based regimens to cisplatin-based regimens was demonstrated in the Revised European-American Lymphoma (REAL)-2 study. This background therefore indicates the need to develop novel chemotherapeutic regimens with non-oral agents, with no need for hydration, and with high feasibility for patients with this disease [21] .
A previous clinical study demonstrated that gastric cancer patients with severe peritoneal metastases receiving 5-FU-based chemotherapy as first-line treatment had a median time to treatment failure (TTF) and OS of 1.9 and 4.6 months, respectively [22] .
5-FU-based chemotherapy for gastric cancer patients with severe peritoneal metastases was feasible, but its efficacy was unsatisfactory. Recent phase III trials have demonstrated the non-inferiority of chemotherapy using oral fluoropyrimidines, such as capecitabine or S-1, compared to 5-FU-based chemotherapy [15] [22] [23] . Oral fluoropyrimidine and cisplatin combination therapy is a standard regimen worldwide [3] . Although 5-FU is one of the most commonly used drugs in patients with gastrointestinal cancers, systemic 5-FU chemotherapy has a limited response rate [24] . A new treatment for Borrmann type 4 advanced gastric cancer, including 5-FU, is urgently required.
We found that SP treatment does not improve OS. Further research into chemotherapy as a treatment for patients with Borrmann type 4 advanced gastric cancer is required.
